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(54) PHASE LOCKED LOOP FREQUENCY FOLLOWING-UP DEVICE INCLUDING 
DIRECT DIGITAL SYNTHESIZER 

(57)Abstract: 

PURPOSE: To provide a single phase locked loop which can 
be used in a wide band carrier following-up and clock 
reproducing system gives a wide control range. 
CONSTITUTION: A DC signal indicating the phase 
difference between an input signal changing with time and a 
feedback signal is generated. The DC signal is supplied to a 
narrow band voltage controlled oscillator 68 which converts 
back the DC signal to an AC signal. The AC signal has the 
level shifted to generate a clock pulse to an accumulator 80 of 
a direct digital synthesizer 72. A digital command word 
indicating rough adjustment of an input frequency is supplied 
to the accumulator 80. A clock pulse from the narrow band 
VCO 68 provides fine adjustment of the input signal. 
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1 

im*X 1 3 7x-X • a? £ . TX&wx* b 

X~X* Dy^ ♦ JP-y. 
IR<0!7x— X • Dy £ • ^ — 7. 

[000 1] 

• Dy^ • JW- :/(traeiing phase-locked loops) fcW 
[0002] 

[«*<Dfi«] 7x-X • Uy>> . ils-TttffS&S* 



< 2 > »W¥4-30 90 14 

®«Stt<0^y»J*(repleca) MteirfcCfcfcJSO, 
[0 0 0 3] Hft»fc:7x-X- Oy£r ./l^-r/ttjfcg 
*«. <l»»&«EW»*^l/-* (VCO) »1 

*/1-TftfcftfcJI»6tl«&e. X'V h;WKflE<spe 
ctnl parity) fct !t^fflW»**r^/-f Xfc*o 

ftot, a*o7x-x- d*;^ - a*— tmu'x 

Itt^VCOtfi^T**. 
a? [0 0 0 43 Bl»lttiCfl!)VCO«^rr6HR«[«:7x 

aftsn*, «9fl<km«i4d*s©m^^>ttmE«^ 

x 7 ^ jv^ 2 o ©ta^j ^-f > 2 2 Fiy-r >mm®& 2 4 
fcAatLTW&an*. 5-f>2 s±<oy-onmm 

»2 4©fflAtt^lX>fy^2 8(tttl&$n«. X-fy 

3 0fc»tt^n*. VCO3 0©W*tt»2X^y^3 
2lCft|ft5n, £©X>f y^tt5-f>3 4±^*-©m 

^m^ttW*^-f>3 4^&ff6tU tt«ttffiSl4tC 
W&$tU 7x-X • uyi; • 
[0 0 0 5] »#CWLT, (fi^«m«l 4tt> 5-f> 

1 2±<OA*«#©fiPte*^>t 6Jb©7-f-rVty 
^#T*tJtW«. 9-f>l 8±<0tt««ffl«14flDffl 

@%2 4 tta-/tX • W 2 03^5, ?-f> 

2 2J:©IWfcDCflMi»A*U ftfe^^-7 r y^> 
^M«VC0O||S^9^^fttfAjlimiCllfltt 

y-f >*«ia» 2 8 ©mat*® 1x^7^28 

MXftOlBkli:J:DWr«. #VCO3 0ttDCff 
««AAU *<D«-9£, ^-f>12±OA*S^O^ 
y->3tf»(reprcseDtaUTe)fi^k:X5irs. Wi^c 
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(3) 

3 

n*. 

[ooo6] ^ >i 2±<oAafc*<&Ji*»#*fl:u 
<D*fcfc*^v>TVCO<Dfflaj«ft:u xtt»fc*v 

CO 3 0#»**tl*. CftfcJ:!), «HB5-f>16± 
Jl©*3fcLT. U>1 2±<DA*m^tt»3£A3!}» 

[0 0 0 7] B2tt4&CD7x-X- 

m fc#K*ftrr*« Wft*#T£ 5-f > 4 2 ±<DA*« 
^tt»lA-f y^4 4fc«»«na. X>fy*4 4ttZ 

<DAaw«»«^ -towstft^as^T. *»©ft 

t7x-X'Dy^*W4 8tt, #-<DVCO 
1 <DB»£**3i$f. *7x-X • u V 9 - 
^-^4 6tfDdl*tt, «2X*f y^4 7fc:W&atl, * 

4 6 tt*fcfcLT«& • m^znitKt\ms.e>?. *lt 

iEU>Sa(icqiiismon) , ®ST> K$J<% 
[0 0 0 8] 

[»E#*ftLJ;$ HlWx-X-Dy 
£ 0C!)h-F^X7ttH 2(0^^4 0 J: 

&/h#*TJ:V^ fiSfcW&OVCOfci&JteT*. 
fcVCOBu iELV^-ytttt*JI»-f*fc»fc, W» 

[0009] is i ©e/x^icWHtsa^toia^x 

fAtt, C!>VCOS*T*¥-C!)7x-X- ny^ 
• — £®VCOtt1Mt<D/t?2^ . y-f H 
(varactor diode) «r>T 

-<D7 X-X • Dy^ - /V— -tWW >0iA- H 
[0 0 10] 



4WV4-30 90 14 

4 

[aB*ftft?*fc&<D?S] £<DB9!<&*l*&»fl 
fc*tltf, 7x»X« *)V-1 (PLL) 
XxAOTftftStU :©^fAH *-<BlMWMEE 
(VCO) fctffcft^i^/V • ^>-fe* 
-flf- (DDS) DDSttVtf? K0l/i?X 

*-fc7*aAW-**Str. 7*aA>-*rt©Ky 

OHa^-ffcaMlU «?TDDSfc# 
**WM&tbTfflTZ. 7*aAl/-*<Dffi*[*7 i 
5>*JV • 7^oifJ««fca:07^D^«»lkfi^lCR 

sn*. 7tny«a«»^ttPLL©ffi*«uafc« 

*«*rr$DCflW*«#T$. CtlfciD, *-©P 

*. vcoti&s&an&s 
[ooii] *2$j&flic£ntf. #i&vmi$ftmo 

7-j?^DDSC07*aAP-^fe:ffl^3n*i:*OU 

lz-^fc^l&^n. 7*iAW-^(0ai*l/-h*ft3fe 
7+aAU-^©7 5 ^;PB*H:. 5^** *7 
^n^«*»fcJ:^T. 7±n^fl&i[|cRSh^ M 
8»H±#fe:^^T<07^ny • x^^MCJWcOWa 

[0012] z<Dam<o&<omm* nrwin 

[0013] 

40 [sum ^<o»«cDffiFsiittM(cn*r«£(Toft« 

[0 0 14] H3ttHlC57x-X' ny£ • 
(PLL) 1 OlCWK'T'SPLL 5 0T**#, *» 
Wtffiftl»*^U-^ (VCO) 6 8&tfETFfcl&9!a 
tl*lfit»xi?^^*-»feiJ-f1f- (DDS) 7 2&W 
PLL 5 0tt?-f>5 6_hfi!>7,f-FAty*ft 

■9^ ^>6 2±o^wt«K:-t<oji*«W*fl:r* 
A^e^$s@^«ti^ttm«5 4«^tr. ttfittms 

SO 5 4CD9-f>5 8±(Dffl*WU 9-f>5 2±©A*tt^ 
-73- 



(4) 

5 

t n > 5 6 ±ommenom®titt2L **-r d ces 

Jl^ 6 OfcAASn*. 9-f>6 2±<0^»y 
y<<)V* 6 0 officii. y>f>»«*y h9-£6 4fc 

> 6 6 ±<D*«* *V 9-* 6 4 frSO^-f 

itmn\t* mmn&m*i'i'-* (vco) esc 
B»sn*. vco 6 8tt, ^wofcAcfi-s* 

^A*$n*, • 7 2 i0 

3B»7*3>*MI*IBK7 4*& % ^>7 6±©Nt;y 

4tt5K>5 2±©Aa«3©*^£^T*. VC 
O 6 8*S<D?-f>7 0±©AC«^tt, DDS7 2 

flDDDS 7 2^6©ffl*l4^>5 2±©AA«-9(D 

[0 0 15] 04IJDDS 7 2<D±Zt®mtmo7n 
y^B?**. DDS 7 2©4>&S5m7*aAl'- 
*8 0T, CttttVCO 6 8*5©^ >7 0±©£r 
ny^/tJl'A, &^HWfiII!»7 4*6fl!>?-f>7 6 

*. 9<>8 2±©ia*tt:, 7*jlAv— $>8 0<dm£ 

?Xf>9V'(*>hi<nZ. 7>f>8 2i:<0©*HU 
JESift • )Vy#7?7 • y-F*>U-««U (sin 1 30 
ook-ap read only Beiory) (ROM) 8 4fc#J&3n 
*. IE»atn/y^TyyROMtt7^3.AW-^8 0^ 

-f>8"6±OPIf»M««*i:»«. ?<-f>8 6 
±©P If * MMW* • 7^n^«m«8 8 tcft»3 
tlS. 7?5^-7*-Djf£M8 8f£, 9-f>8 6± 
«DP*yh©^«, 7-f>7 8±<07^Ddfm*lC«a 
CfiD©^ttH3O9>f>5 2±<0A*m^O^U 

we«m«5 4tt^n^2^ 

flD*^<onflCDttffi3i*vf > 5 8 ±©D CMftft 

itntf. ?-f>6 6±©fi^tt£©«a»cHfcny* 

n*. 9-r>6 2±cDDce^tt. V4>tift*?h7 
-^6 4fc#iftsn, pl l 5o<o;v-^y-f 



MW4-30 9 0 14 

6 

fctffc&w:, 9-r>7 0t7 8j:cofi# 

m*<OitYL Jtr-^MMIttKIIIStU&fct 

fcJWbTSfr&Ta*. tEoT, 5-f>6 6±ODCS 

fc*fcT3. VCO 6 81*5^ >6 6±©DCOT€ 
*-f >7 0±©«#iWIS»©ACe#ICRr, 
[0 0 17] 5>f >7 0±aAC«HttL 7*aAU- 
^8 0fc^-r«^n^^/tJkXtUT^^-*. ?*f> 

7 0 J:OlW7*aAW> 8 0 tC^»$n«»fc> 
■toffl^ttp^^7h0»(level shifting circuit) 

(BwStVf) lCJ:oTW^^>7 h$tU ?>f>7 0 

*cj»t*. xic7^a^w-^8 ofcw&snrv^ 

©tt* »ViH»|Ell57 4^&CD7-f >7 6±C0xV^^ 

^IBJ7^aAV»^8 0tt**, ?*f>7 0±©£ 
ny#^t«TU ?-f>7 6±©Ntfy 
7**J*V-9BO0&M<Z>m\zmi*ft*. 7*a 
AP— ^8 0©3§wt— • 7D- • Ml* DDS 

>7 6±©NtTy h7-Kt, ^>7 0±<D^D-;^ 
flSftfc, 7+aAU-* 8 Oft©****!©*? hS© 

h7-^7 4*6, 7*aLAV-*W>X*fc£©ttfc 

^>xta-Mnt*» *ne©*? m^-r> 

8 2±fC, *#«VCO 6 8**&©^ny£rH8«fc 
*03RStl*U-hTlH**tl*, fl£oT, VCO 6 
8&DDS 7 2<!>m&&3Mn\ZtoW*<* DDS 

±©ttJ*tt* HftidBftJirabD, C©»#tt, VCO 

^^;vffl»fk3T>H7-H<ottis«a^r. com 

My hfe*ttjEK*;i^7y:/ROM 8 4 

*»^n*, coMMa-r^*^ rom 8 4 
*epty hta*9-r>8 6icaj^*n, ^y^-7 
^n^ii»8 8t:ftl&^ti5. x^^7^ay«lft 

»88tt, 5 f 3?^JHWJ*9-f>7 8±<D7^D^m^ 

^8 0(CftM$n*:5-r>7 6±ONtry h<Dftfc> 5 
-r>8 2±©ROM 8 4llA**tlfcMHy 

^*»«8 8fcA*$nfcPt;vh©ft«> NKyhfc 

XtfttLT, ROM 8 4&i;5 f ^;V-7^a4f3Eift 
»8 8©A-H^X7»iWlBtC«fcoT* ROM 8 4R 
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(5) 



»5W4-3 0 9 0 14 



8 



BO LSBOewt slsnHlca 
nt bit8)ttROM 842fetfDAC 88££D»»£ 
tlWC* ROM 8 4RtfDAC8 8<Dfcfy h#4>& 

[0018] VCO 68, DDS 72. XtfPLL 
5 0CDCCD**fc*oT. h>»PttaETA-H 

»>xr<r)#irK:^vii2:»«a«%a^T*4. dds 

f RES " T 



VCO 6 8tt> DDS 7 2©JM»4H**fcB** 
a5#*«K£jM'fSfc3&fc, ttflffi (KiHfcTl*! 
RTOlSfc) J^-75 0CW»*iJ«fcf S. DDS 7 
2tt#*lc»*v>«*^^ 
&RZ9-?°7r<Dn&at>jM*Z. VC06 8tt*fc 

[0 0 19] dds 7 2<oih»« w f... - raa«te 

[0020] 

ttl] 

(1) 



*tf 

DDS 7 2©?>T>7 8±Oitl*«i»* f.,. " 

fout ' 'cl f a n2- n 

a. «7*a4W-*t0n#BCDMSB(ao3i al«aif 

leant bit)fl)D5?y£ -At— h 

SC (2) «fcD, ffi*^>7 8±<0jafc8tt, ?>f>7 

eic^^VrivVF^-Fa. 

0, Xtt^>7 0±(D^ny^M«ftf. l ^ilttr* 

a. WU fcV^«»@K7 4jfc&» DDS 7 2<D7 

«»fc»"r*c:cDm^«»tttt> Aa?>r>5 2*>&(D 

iEW^ay^fflatft^^JVjfegKdigltally sweep) 

mm s n*. **?Att. p l l 50 **Aa«tt 

*/V*9IT$. *LTjfe9lS/A7\ktt, PL L 5 0# 

[0 0 2 2] PLL 5 0<&3S^ltt#, Cft6<&;&tt 

*l* 9-f > 7 8 JrfcfflaaiMfcfck 7*aAV- 
*8 0fc*Oy£JW»fc*»-f$VCO 6 8©** 
*K*0*Utt3nS. VCO 6 8tttikjM!g£iK£L 

<0T. *'JX*;k SAW#£«*fcl*t§m#«a«ie 
lectric resonators)^ ^co^S^fettafllS, ft 

fcVCO#J^aUTV>*#<0*Ett, BrS£Dy*« 



[002 1] 
[*2] 



(2) 



«^T, DDS 7 2 
**5*>*MK**VCO 6 8fc^O«SET**. 
[0 0 2 3] ft$»DDStt2 4lfy HD7*aAV~- 

y^««ft©l/2"^-y(order) T^rc**. d 

pll 5 0ttaa*ttK:Dy^-r«. mmmmtv 

T. ftfcttDDSJi. DCfr&£Oy£«fcRCD4 0n 
— fe>h 0<f... <0. 4f,i 

30 m&m*&-Dctiftm>. n*ftco*iRttifcDD 

[0 0 2 4]B5fcHU 1 5 0fcJ:D^IC^n-6PL 

7 2tt7**AW-:M8 0fcJ:D*fcM&jtn. £ 
l/-*fc»-f > 1 7 8 _hfc7*a.A 1 

8o©MSB<D7^3LAV'-^iie)±vf**rr«. in* 

&CCZ>PLL 5 0tt, enttflSQianioDU spur) $ 

40 8±^tt*«^l47*aAl/»^l 8 Ofr&OMSBtf 

tt3« (2) fc*9**n*. ^>17 8±CD5 ! $>* 
Afflatt7*D^«4§fc*ir?#, X***£fct±tt« 
*ffl»S4ttr^^^€««T*«. -tCDtryhCD 
WA^-hW:> >7 OiCO^Dy^^Xfc^kO* 

flrrs. tt»«irA^T#*7*aAP-^i«*3tr'\ 
en*. 

[0025] VCO 6 8(i««4frr»^*<D^ 
50 <D£n&SXttS»0ttt DDS7 2^1ttt«i£:V^« 
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(6) 



»H¥4-3 0 90 14 



9 

THSU-Cb, **ttfc-fcfc«fcn*. VC06 8© 

df 



10 



* [0 026] 
»C3] 



out 



^CO 



(3) 



dV. 



IN 



dV„ =^>6 6±^DCmffi»t 

LfcU DDS 7 2<Z>y-f>HU A'-:/'*^ > 6 2 
±<DA*«»*lca«Rr«ttStl*i:*, 94>7B 
±<DDDS 7 2 CDtttfjJflS*, fttf?>f>7 0±CD*» 



*. DDS 7 2©y-f >* Kdoi w tt*2tlC*D*a 

[0 0 27] 
Ot4] 



DDS 



(4) 



df, 



VCO 



d foil «7-f >7 8±<0m*Hi«tfRC«fo Xtf 

B 6 ttP L L 260 V< f*?-* 

6 4 tt. y< V 1 6 4 D«*ftfc 



*&8 (DAC) 1 6 6&ttf/n^?T:/^ - ij-f . 
'>'J-'««J (PROM) 16 8*-Str. DAC 
6 6G>**Y*f> w K.*c - tt^fc* 0^5*1*. 
20 [0028] 
DEB] 



1 



b n r" Iik 



K 

- I 

n-] 



(5) 



dl... »?>f>6 6±©«fittfc; 
dli. =5-f>6 2ft(0«ttaM:; 
bn =DAC 1 6 6On#S0MSBCD»^tt 30 

M -DACCDtfyhft 

dds y-f d a cv<i >mat tmmitzwt 

CJ:07*a£l^fc#J&SnSfc*. PROM 1 
6 8*^LT:7ny7*DAC16 6fc«rr**. P 
ROM1 6 8<SDtt*tt. 5-f>7e±OT^3V> 
F7-Kfc>SStT* ^ >1 7 0±<DDAC 166 
fcfc»SnS. DAC 1 6 6*6^*5*1** 

jSSIout^ DA;C 1 6 6fcA*rr**»I 1 40 
»tt*(Mltlply)*»ttS, PROMl 6 8lC»tt*tlT 
^*xi?*;i^-Ffc*Dft£Sn*. ttaT. PLL 

[0 0 2 9] B 7 fcttiS 2 (B^^fltf^SttS. c 

<D*Ji*re* * i <offa*JM!<ov co 6 8 mu 7* 
ay-T^;wcaa (a/d) 3 6 4tc«*ftfcoT 

7x— X- O-;^ *>IV-y3 5 0tt7-f>3 5 2 
3 5 6±<D»»m-9€:WU cnfctt^fcPLL 5 0 SO 



9-f >3 5 8±©W8«UUS3 5 4<Dai*tt, C 
ttfc 2 OOm^m&ffi«^*^DC@^T, 
ffia-/t*;P-;/7-f ^3 6 DfcAaStU JMTT* 
*&**KB^AC/^^»$n*. 5*f >3 6 2 

h*7-£6 4&tfVCO 6 sfceu&an*© 

Tttfc<, 7±n^7 i ^^*^a3 6 4C*l&$n 
*. 7±D^.7 ff i?^;W«ai«3 64t>X, ?-f>3 6 
6J:<D-£-*>:fy>$'A2r F..„u" ***** 7 
^-ny-5 f i;^Mti(l83 6 4<Dai*W:. n*<d?<> 
3 6 8«53=U *LTDDS 3 7 OlC #l&Sn*. 
DDS 3 7 0tt?<>3 7 2±(D&J*fi9K-£*n? 

(B^an-f) 3&»6*»ane. ^>t>3 7 4±<ddd 

S 3 7 0 afflfttt, > 3 5 2 ±©A*m^CDWB 
A-r*D, **Mkftfcny*£*u ±X<0^4Xmm 
*»n-CV>*. tt««fflS3 6 4C«|ft$tl<&5-f> 
3 5 6±®MHm*?'f > 3 7 4 01>->7Jl/?»ft. 
[0 0 3 0] B 8 HDDS 37 0<D£5«tft&&CD:/ 
ny£»T**. ITO, DDS 3 7 OttDDS 7 2 

3 6 8±®7tn^ • xS?3>;]*ifeS3 8 4*>6CDHS 



-76- 



(7) 



4WF4-30 9 0 14 



11 



12 



**#T*7*aAW-*3 7 6fc&l&3n*. < 
n v £S*m?-f > 3 7 2 «N/t7*a A 3 7 
6fcfcf&3n*, 7***^-^3 7 6<DMe?>fflA 
ttM*<D?-f>3 7 8*#LT, iESft^y^Tyy- 
«J-H*>'J-*>t i eil (ROM) 3 8 0fc«l6Sn 
*. ROM 3 8 0©PlfyhttAttPt:yh5'f>3 
8 2fc*LT, 7 f ^/l<-7*nif*i*«3 8 4Kfc|& 
T^^'7i-Dy«ll»3 8 4li, x^^iP 
«-*£ffi;&?*f>3 7 4±W«»«««fcR-r # 
[0 0 3 1] IbftfcWLT* »7©*JMI©^f >3 6 ifl 
2±©DCB*WU B3K33W&PLL 5 0(D^f> 

6 2_h0)J:^(C&ft^n*. 5>f>3 8 2±S>DCOT 
tt. 7*u9*?y9ML*®s*4K.&»*tu cod 

*3t£3 6 4 lt*<Dtim*DCl&mzm'ZH}£y h<D 

3 6 6±<0F....i,^6C01t>^HS^**«T** 
T» A/D 3 6 4|*3T«$£n*. F„»i.^D 9 
^/VIUXT* PLL 3 5 0fc<fcDfc£2n*V<-M: 
fcfcSn*. PUCK* DC£*ffcA/D3 6 4(*JC!) 

7 6 fctt*Sn*l'-h fcWftrT*. ?>f>3 6 8±CD 
7^D^-7 f ^«*S3 6 4<DNtfyhm*H, $ 
^"C^-r >3 5 2±<DAa«^OH&ftlCtt0!IUTV> 

hf*5 OKHzETPCfc*. 5-f >3 6 8 ±<DN£* 



<9htt7*aAI'-4'3 7 6fcttlftsn*, 7*aAW 
- * 3 7 6 l*M £.? hfi**?*f > 3 7 8 Cffi*T*. 
CKDMHy hfi-9ii7*a^ • ^y^A^IMBS 6 4fr 
&0Nfcfyhfc*Mtofc«U 9-f>3 7 2fcfrbT* 

Ntt7^oy.?^;pjt»»3 6 4ai)tDDS 

ST**. ^>3 7 8±©WSIffi^«»jftti!>tt«C!>7 f 
i^T^HU IESJjU<7£7y:/R0M 380IC 

<DS*x-*Wt* Ptfyh9>f>3 8 2^67 f 5?^* 
7**^*1*83 8 4fc«J&3n, m?^JMi«« 
7*n^»^KRT. x^^7^ny»«S3 8 4© 
7*D^tttfjtt5<-f > 3 7 4 IC«£TS. 

[0 0 3 21 HHLfeMC* ^>37 4±mum 

jftitli. ^ >3 6 8±«D7*aAk— *3 7 6^«07 s 
?»*A*ftll*rftC2:lCj;DMI5'Ct«. F.i.u 

(2) KJ;D;*sn$ % CCOfc 

)\> <M) <0*^«fc«fcoT©**«ISn*. PLL 3 

[0033] 
»6] 




foit.wax • °* 4 f c1 



(6) 



Ki/n =A/D 3* 6 4 

Kidi =DDS(D£SMS; 

M =A/D 3 6 A<nj£?1Cl"<ft> \ 

1 *■) * in =0. 4 f ti 

1 6 tfy h*»7^-ny • 9*S?**XJM1CN 
LT. MMIt : DDS 3 7 0<&£»fiieHT, 1/ 

?y^JHt»S3 6 4(0C<0WKflE<0JSIfl[CJ:D, ^> 

[0 0 3 4] B9fctt* iC7x-X-D^iP«W 
4 5 0^±0^n*»2»fc«©te<D^I!t*t^tlX 

i^a. ;w-y7-r^3 6 0©tt*wu ?-r>3 6 6± 



JWHMI3 8 4ll-4MSfc5 , -r*--^>*fU ? 

i?^**^>5'*nwa. 7 p D2f?A*'»*4 5 2 
©ffl^tt^-f>4 5 6±©Ntfy hfflATM. C<0N 
4ff hm*tt^>»^U5y^-4 5 8fcWft^n-55, 

4 6 o±^t^^u $ v9-\z&m-ztiz\jiim$. 

4*1*. 7 f ^^USy^*4 5 8<DtlJj!ltt9-f >4 6 
2±ONlfy h3r-f>T. CflttDDS 3 7 0»TW8 

[0 0 3 6] ^ay^A*«»^4 5 2tt, ;P-7Hfl 

5» a. pll 4 5 0tfAaa»ftfcny;rT*anrDD 



(8) 
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S 7 l<-fi 3 7 6 SBr£*£tt-f >2 V > > hf 
-6. PLL 4 5 0#ny£*-Fe-«tt£*ft* 

•fe-^-C*. *nfc<fcD7x-X'ny£-;u-74 
BQnmryttv Kzero npset)#£i;*, 
[0 0 3 6] PL 46 0^£J^ttft«^jBA«<D$ 
»<"fca&fc, ^i^VU 5 y*-4 5 %&?u9<7kii 
£>*4 5 2£DDS 3 7 0<DMfc«#&tU C©3f 
7x-X • O v * • /l^?4 6 0 **»T 

[00 3 7] DDStt*rS^&jWM|**»oT^CD 

[0 0 3 81 mieL^ifiW«#m^i2:i^^3Kft, 

«to, a*©*-7\ **©vco, xttfcfccww 
fc<ft*. Jefc£ft5<07x-X* ny£ 

[0 0 3 9] £U:<DR^ttC©B9i(DJJlfc*-^flT 
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[Hi] «<ovco*wrsf3e*<o7x-x-ny^ 

[S3] *aH<&m*Jfi«fc**7x-X* Dy2? . 

[H4] B 3 vm&TVfJl • isy^L^V-tTTC?? 

[B5] B3<©7x-X*n?£ • JW^*#iEUfc* 

[B8] Y<>**@%*OTSH3CD^fc07ny 
£B. 

[H7] *56B<B»2^«fc**7x-X- ny£ . 

[B8] B7<D»2<O»a*ltWCDDDS(0^Dy^ 
29 B. 

[H9] H7<07x-X- xivtf • )V-7e>miE%rtft 
[ft90R9O 

6 6HfcffifctH«. 6 0-D-/U7/^ 6 4Hfc 
7 2 -iftSxi^Jl, • i/>i: 
«K1f-. 8 0"-7*aAU-3\ 8 8-7^^ -7 
*n^$ife38. 4 5 2-^Dif5A.^»>>^ 45 8 
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